Objectives To study the association between physical illness and suicide in elderly people. Design Case-control with illness determined from interviews with relatives of people who committed suicide and with control participants and from medical records. Setting Gothenburg and two surrounding counties (210 703 people aged 65 years and over). Participants Consecutive records of people who had committed suicide and had undergone forensic examination (46 men, 39 women) and living control participants from the tax register (84 men, 69 women). Main outcome measures Physical illness rated in 13 organ systems according to the cumulative illness rating scale-geriatrics; serious physical illness (organ category score 3 or 4); overall score for burden of physical illness. Results Visual impairment (odds ratio 7.0, 95% confidence interval 2.3 to 21.4), neurological disorders (3.8, 1.5 to 9.4), and malignant disease (3.4, 1.2 to 9.8) were associated with increased risk for suicide. Serious physical illness in any organ category was an independent risk factor for suicide in the multivariate regression model (6.4, 2.0 to 20.0). When the sexes were analysed separately, serious physical illness was associated with suicide in men (4.2, 1.8 to 9.5) as was high burden of physical illness (2.8, 1.2 to 6.5). Such associations were not seen in women, possibly because of the small sample size. Conclusions Visual impairment, neurological disorders, and malignant disease were independently associated with increased risk of suicide in elderly people. Serious physical illness may be a stronger risk factor for suicide in men than in women.
Introduction
Most people who commit suicide late in life suffer from depression.
1- 4 The role of somatic illness is less clear. While somatic illness is often reported in those who attempt 5 6 and manage to kill themselves 1-4 7 in later life, prevalence figures vary from 35% 7 to 94%. 3 There have been few controlled studies. One recent report noted the presence of serious physical illness in 56% of those who committed suicide compared with 16% of a control group. 8 However, only people with recent contact with primary care were included.
We examined the association between illness and suicide using a control group representative of the general elderly population. We hypothesised that suicide would be more likely among people with serious physical illness and tested this hypothesis using the systematic measures of the cumulative illness rating scale-geriatrics. 9 
Methods

Suicide cases
We examined reports from 100 consecutive cases of suicide in Scandinavian born people aged >65 years who underwent necropsy at the Gothenburg Institute of Forensic Medicine. The catchment area included the city of Gothenburg and two adjacent counties (210 703 people aged >65 in 1994). The reports covered 83 definite cases of suicide and 17 cases in which the cause of death was undetermined but in which the circumstances strongly suggested suicide. According to Statistics Sweden, 11 further cases of suicide were registered in the area during the study period (January 1994 to May 1996) but these were not examined at the institute.
To obtain information on the people who had committed suicide we identified next of kin for 98 of the 100 potential study cases and informed them about the study; 85 agreed to participate. Of the cases of suicide for which we had an informant, 46 were in men (mean age 75 (SD 8) years, age range 65-94) and 39 were in women (75 (7), 65-97). The study cases did not differ from the total number of suicides in the catchment area (n=111) in terms of age (75 (8) v 75 (7)), proportion of women (46% v 45%), and proportion of definite suicides (85% v 81%). The proportion in whom traces of antidepressants or lithium were identified at necropsy was similar in both the study group (38%) and the forensic group (40%).
Control group
We randomly selected two people living in the same area and with the same sex and birth year (SD 2 years) as the study case from the tax register. If a person declined to participate we invited another one (up to a maximum of eight per case). We invited 240 people to take part in the study, and 153 (84 men, 69 women) participated. Proxy interviews with close informants were carried out for 11 of these because of dementia (n=10) or psychosis (n=1).
Interviews
The semistructured interview included questions about social situation, life events, past and current mental and physical health, and use of alcohol and illegal and prescription drugs. The interview included psychiatric signs and symptoms in the past month derived from the comprehensive psychiatric rating scale 10 and questions about symptoms of dementia.
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All interviews with relatives of the people who had committed suicide were carried out by a psychiatrist (MW). Interviews with control participants were carried out by a geriatrician (KW), a psychiatric nurse, or a psychiatric occupational therapist, all with long clinical and interview experience.
Rating burden of illness
We rated physical illness and disability according to the organ specific guidelines of the cumulative illness rating scale for geriatrics 9 after review of medical records and interview material. We defined serious illness as level 3 (severe/constant disability or "uncontrollable" chronic problems) or 4 (extremely severe illness or severe disability) in any category. The raters made independent ratings for 10 participants. Reliability between raters was good for both total scores (r s =0.99, P < 0.01) and numbers of ratings at level 3 or 4 (r s =1.00, P < 0.01). MW used data from interviews and case records to rate mental illness in accordance with the cumulative illness rating scale for geriatrics.
Statistical analysis
We used logistic regression to calculate odds ratios for committing suicide. Participants in the control group were selected for year of birth and at the time of the interview were slightly older than the people who had committed suicide (78.8 (SD 7.7) v 75.0 (7.7)) because of a time lag between the deaths by suicide and the control interviews. We therefore calculated all odds ratios using age as a covariate. We analysed variables that significantly affected odds ratios in a multivariate logistic regression model (unconditional). We used Fisher's exact test (two tailed) to examine differences in proportions between subgroups within the suicide group or control group and t tests to compare scores. We performed all analyses with SPSS version 10.1 for Windows.
Ethics
We obtained informed consent from the close informants and people in the control group after they had received oral and written information about the study. A close relative gave proxy consent for people in the control group who had dementia. The research ethics committee at Gothenburg University approved the study. Table 1 gives details about serious physical illness or disability by organ category for cases and controls. Risk factors for suicide were impaired vision, neurological disorder, stroke, and malignant disease. Serious physical illness or disability in any organ category was also a risk factor for suicide (table 2). Table 2 also shows that among people who committed suicide serious illness or disability was more common in men than in women (65% v 44%, P=0.05). Physical illness was associated with a fourfold increase in suicide rate in men. We found no such association in women. We modelled a logistic regression for the entire sample that included age, sex, physical illness, and a sex-physical illness interaction term. Serious physical illness was a significant factor (odds ratio 4.4, 95% confidence interval 2.0 to 10.0) but there was no significant sex interaction (0.4, 0.1 to 1.4).
Results
Serious physical illness
Sex differences
We added ratings for each of the 13 somatic categories to yield the overall score for burden of physical illness. Within the suicide group, men had higher overall scores than women (mean score 9.0 (SD (table 2) . We found no association in women. When we entered a sex-high illness burden interaction term into the regression model along with age, sex, and high overall burden of illness, we found that high overall burden of illness was significantly associated with suicide (odds ratio 2.7; 1.2 to 6.2, P=0.02) and there was a significant sex interaction (0.2; 0.04 to 0.6, P=0.009).
Mental illness
Mental illness was strongly associated with suicide (table 2) . Seventy six (89%) of the people who committed suicide and 15 (10%) of the control group had a level 3 or 4 rating for the mental illness category. Mood disorders (any subtype) were highly prevalent in those who committed suicide, regardless of physical health status (39 (83%) had serious physical illness and mood disorder compared with 31 (82%) who had mood disorder only, P=1.00). We studied order of appearance of physical disorder and mood disturbance in the suicide subgroup with both these disorders (n=39). The first episode of depression developed after the onset of physical illness in 18 (46%). The opposite was observed in 20 (51%). Depression and chronic pain seem to have developed simultaneously in one woman.
Multivariate regression models
We entered the disorders that were associated with suicide in the univariate analyses in a multivariate logistic regression model. Covariates included loss of parent or parents before the age of 18 years due to adoption, divorce, or death, education level, marital status, interpersonal conflict, and history of major depression. Significant associations remained for all three somatic disorders (table 3) . A second multivariate regression showed that serious physical illness in any organ category was independently associated with suicide (table 4) .
Discussion
To our knowledge this is the first population based case-control study using systematic measures to examine the association between physical disorder and suicide in elderly people. Visual impairment, neurological disorders, and malignant disease were independently associated with suicide in elderly people.
Limitations
A main limitation was the low number of individuals in some subgroups, which is reflected in large confidence intervals. Secondly, the participation rate in the control group was not high (64%). Only 13 of the 87 we asked to take part said they declined participation because of poor health, but we have no objective information regarding their health status of non-participants. Data sources for cases and controls were asymmetric. Informants may have exaggerated health problems in an attempt to understand why their relatives had committed suicide. Alternately, they could have been unaware of some afflictions. Interviewers and raters were aware of the case or control status of the participants because masking was not possible. However, medical records and prescription data comprised the main basis for scoring, and these data were registered before the suicide. Finally, caution must be exercised in generalising these findings to other settings. Rates of suicide in Sweden are at an intermediate level on an international scale. The rate for women (>65 years) in the study area was identical to the national rate (19/100 000). The corresponding figure for men (38/100 000) was somewhat lower than the national rate (46/100 000).
Main findings
Serious physical illness was independently associated with suicide. However, physical illness seemed to be a stronger predictor in men. We found no such association in women, possibly because of small numbers, though there may be a real sex difference. The proportions of men (65%) and women (44%) with serious physical illness were similar to those reported in elderly men and women who committed suicide in Finland (55% and 31%).
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Impaired vision was a predictor of suicide in our study. While visual impairment has been shown to be associated with depression in later life 13 few studies have explored a possible link with suicide. One study that did found no association.
14 A more recent report noted an association between visual impairment and suicidal ideation. 15 Neurological disorder was associated with suicide in our study, paralleling findings from register studies on mixed age populations. 16 Infirmity in this category was mainly due to stroke. While the association between stroke and depression is well documented, the association between stroke and suicide is less clear. One recent review found no increased risk of suicide in people with cerebrovascular disorders. 17 One register study found a decreased risk of suicide among people who had had a stroke. 18 Another found increased suicide mortality in elderly women with stroke but not in men. 19 The number of people with stroke in our study was too low to test for sex differences.
We observed an increased rate of suicide in people with ongoing malignant disease, which agrees with results of studies of mixed age 20 and elderly 18 populations. Cardiovascular disease and musculoskeletal disorders have been reported as common among elderly people who committed suicide. 2 The case-control design allowed us to show that these disorders were not risk factors for suicide as they were also prevalent in the control group.
While somatic illness was an independent risk factor for suicide, the strength of the association was modest compared with that for mental disorder. Many elderly people who commit suicide consult their doctor a short time before their death, 21 but many fail to communicate their despair. We have recently shown that relatives observed suicidal feelings twice as frequently as doctors, and doctors were less likely to discuss suicidal feelings with patients in poor physical health. 22 Further research should focus on the detection and treatment of depression and suicidal ideation in the context of physical disease.
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What is already known on this topic
Physical illness is a common antecedent to suicide in elderly people, though prevalence figures vary widely from 34% to 94%
The risk of suicide associated with physical illness is unclear because there are few controlled studies A recent report noted serious physical illness in 56% of those who committed suicide compared with 16% of a control group
What this study adds
Visual impairment, neurological disorder, and malignant disease were all independently associated with suicide in elderly people
Both serious physical illness and high overall burden of illness are stronger risk factors in men than in women
